PredictProtein (PP, http://cubic.bioc.columbia.edu/pp/) is an internet service for sequence analysis and the prediction of aspects of protein structure and function. Users submit protein sequence or alignments; the server returns a multiple sequence alignment, PROSITE sequence motifs, low-complexity regions (SEG), ProDom domain assignments, nuclear localisation signals, regions lacking regular structure and predictions of secondary structure, solvent accessibility, globular regions, transmembrane helices, coiled-coil regions, structural switch regions and disulfide-bonds. Upon request, fold recognition by prediction-based threading is available. For all services, users can submit their query either by electronic mail or interactively from World Wide Web.
PredictProtein (PP) is an automatic service that searches up-to-date public sequence databases, creates alignments and predicts aspects of structure and function (Fig. 1 ). Users send a protein sequence and receive a single file with results from database comparisons and prediction methods. PP went online in 1992 at the European Molecular Biology Laboratory (EMBL, Heidelberg) (1); it was the first internet server for protein structure prediction, and belonged to a group of five pioneering internet sites for molecular biology (2) . Originally, PP handled all requests through email. Since summer 1993, users can also query the server through a web interface and opt for an HTML output format. When the server moved from EMBL to Columbia University (1999), this output format was extended significantly and we added the option of retrieving the results through http download to account for the continuously growing sizes of alignments. With the explosion of the web in the mid 90s, many other servers have implemented particular aspects covered by PP. However, PP remains the most widely used public server for structure prediction: over one million requests from users in 95 countries have been handled over the first decade of PP ( Fig. 2A) . Ten or more different proteins were submitted by 11 110 users. About 45% of the requests originated from the USA, 78% from North America and Europe (Fig. 2B) . PP web pages are mirrored in 17 countries on four continents. Despite this load-spread, the PP pages at New York alone were listed as one of the most frequently accessed internet sites in bioinformatics by 'Links2go' with over 17 000 daily hits (>3 million since January 2002). Our goal has always been to develop a system optimised to meet the demands of experimentalists not experienced in bioinformatics. This implied that we focused on incorporating only high-quality methods, and tried to collate results omitting less reliable or less important ones.
Ultimate goal: collect all predictions for a protein in one image
Many of the servers launched after PP are either more specialised (e.g. only secondary structure prediction), or list all available tools irrespectively of performance accuracy. From the beginning, the ultimate goal of PP was to concatenate the results from all valuable and sustained prediction methods into one single image. This objective has driven us to build one of the most comprehensive public servers for sequence analysis and structure prediction. We hope to make the next leap into that direction in the near future.
Attempt to simplify output by incorporating hierarchy of thresholds
The attempt to 'pre-digest' as much information as possible to simplify the ease of interpreting the results is another unique pillar of PP. For example, by default PP returns only those proteins found in the database that are very likely to have a similar structure as the query protein (3) . Particular predictions such as those for membrane helices, coiled-coil regions, signal peptides, nuclear localisation signals are not returned if found *To whom correspondence should be addressed at: CUBIC, Department of Biochemistry and Molecular Biophysics, Columbia University, 650 West 168th Street BB217, New York, NY 10032, USA. Tel: þ1 2123054018; Fax: þ1 2123057932; Email: rost@columbia.edu below given probability thresholds. Over the years, we have added so many methods into the output of PP that our original goal 'easy-to-interpret' is challenged. We hope that a variety of improvements in the near future will reduce this problem.
Each request triggers the application of over 10 different methods
Currently, users receive a single output file with the following results (some of these are optional, Table 1 ). 1. Database searches: similar sequences are reported and aligned by a standard, pairwise BLAST (4), an iterated PSI-BLAST search (5) and by the dynamic-programming method MaxHom (6) . While the pairwise BLAST searches are identical to those obtainable from the NCBI site, the iterated PSI-BLAST is performed on a carefully filtered database to avoid accumulating false positives during the iteration (7, 8) . The dynamic-programming method MaxHom is only available through PP. Additionally database searches comprise a standard BLAST-based search through ProDom (9) and a standard search for functional motifs in the PROSITE database (10) . Optionally, users can request searches for remotely similar proteins by the prediction-based threading method TOPITS (11). 2. Structure prediction methods: secondary structure, solvent accessibility, and membrane helices predicted by the PHD and PROF programs (12,13), coiled-coil regions by COILS (14) and bonded cysteine residues by CYSPRED (15) . Putative structural switching regions are detected by the program ASP (16, 17) , low-complexity regions are marked by SEG (18) and long regions with no regular secondary structure are identified by NORSp (19) . The PHD/PROF programs and TOPITS are only available through PP. The particular way in which PP automatically iterates PSI-BLAST searches and the way in which we decide what to include into sequence families is also unique to PP.
Performance of methods
A detailed review about the strengths, weaknesses and pitfalls (20) of the many methods applied by PP is not possible here.
Hence, we give only a brief overview over trends in the following. 1. Alignment methods: while the dynamic programming method MaxHom still appears best in aligning two proteins, the iterated PSI-BLAST tends to be more sensitive in unravelling more distantly related proteins. Note, however, that PSI-BLAST tends to over-estimate the relevance of short matches, and that PSI-BLAST expectation values have to be viewed with extreme caution when inferring similarity in function (21-23). 2. Protein domains and unusual regions: like, for instance, SMART (24) , ProDom tends to identify regions that are significantly shorter than structural domains (25) . Note that short regions of low complexity (SEG) are fairly common and not necessarily informative. 3. Protein structure [see the EVA server (26) for an up-to-date evaluation of structure prediction]: 3a. PROFsec secondary structure prediction: on average, 76% of all residues are correctly predicted by (only 71% by PHDsec); 3b. PROFacc accessibility prediction: almost 80% of all residues are correctly predicted as either buried or exposed, and over 80% of the surface residues are correct; 3c. PHDhtm: 80% of the membrane helices are correctly predicted, for 66% of all tested proteins all membrane helices and the topology was correctly predicted (27) ; at the default threshold, membrane helices are incorrectly detected in 2% of the tested globular proteins (27) ; about one-fourth of all signal peptides (for secreted proteins) are mistaken for membrane helices (27); 3d. GLOBE: not accurate enough to identify domain boundaries, however, sufficient to capture trends like 'very unlike a globular protein'; 3e. COILS: perceived to be correct most of the time; 3f. CYSPRED: most disulfide-bonding residues are correctly identified, however, most predicted bonds are wrong; 3g. ASP: if the protein has a structural switching region, this is usually detected correctly. Note: the PROF and PHD series and CYSPRED are all based on artificial neural network systems.
INPUT, OUTPUT AND JOB OPTIONS

Default output
The output format is self-documenting. The output contains the following. (ii) prediction of secondary structure for reliably scored residues only, with an expected three-state accuracy for these residues of >85%; (iii) prediction of solvent accessibility for all residues; (iv) prediction of solvent accessibility for reliably scored residues only, with an expected correlation between experimental observation and prediction of 0.69; (v) prediction of transmembrane helices and their topology (if any detected). Note: for the prediction of transmembrane helices a conservative threshold is chosen. Thus, a membrane helix may not be detected.
Advanced input options
By default users submit proteins through its one-letter residue sequence. However, PP also accepts submissions in FASTA, PIR and SWISS-PROT format or through the SWISS-PROT identifier. Most predictions methods applied use the information from the multiple alignments created by PP; prediction accuracy increases with the quality of the alignment. PP's alignments are fully automated, thus may not be as accurate as the alignment that experts have hand-edited. Therefore, users may also submit their favourite alignment directly. PP accepts alignments as FASTA lists, PIR lists, as well as in SAF and MSF format. The fold recognition/prediction-based threading method TOPITS uses predictions of secondary structure and solvent accessibility to search through a library of proteins of known structure. Predictions can be submitted through a simple column-based format.
Advanced prediction/job options
Not all methods are executed by default; some methods (like the prediction of membrane helices) use particular 'conservative' thresholds when included automatically and different thresholds when requested explicitly. In particular, the following methods can be toggled (switch on or off): MaxHom, BLASTP, PSI-BLAST, SEG, PHDsec, PHDacc, PHDhtm, PROFsec, PROFacc, COILS, CYSPRED, ASP, PROSITE, ProDom. Users can also explicitly request TOPITS or can evaluate the prediction accuracy of a secondary structure prediction method (EvalSec). Note that switching off methods has two advantages: it speeds up the execution and it reduces the size of the output. However, bear in mind that the database searches and their results are the limiting factor for speed and bytes produced.
Advanced output options
The default output now is an HTML formatted file, i.e. ready to display in any browser. Users can change this default to output in raw text in the following alignment formats: BLAST, no alignment, HSSP, HSSP profiles only, MSF, SAF, FASTA list. The results from the predictions are also available in a variety of machine-readable formats. (Developers: please do not write parsers for the human-readable PP output; in doubt, contact us, we can write almost any reasonable format if need be!) Due to the size of multiple alignments, we no longer email the results rather the output will be stored for a week on our web site (remember to download it in that period). Results can also be requested by email.
Interactive versus batch jobs
By default, the user submits requests to a batch queue and will be notified by email where to find the results (or will be sent these results). While PP also has an interactive mode that will write the results directly into the requesting web browser, this option comes with a restriction in the length of time for which the web connection is kept open: if PP has not completed a request within 5 min, we automatically switch the job to a batch mode and notify users by email. In practise, this implies that interactive jobs will only finish in time if (i) the PP queue is empty (works on a first-come-first-serve principle) and (ii) that the request does not require more than five minutes of CPU (typically the case if an alignment is submitted, and/or the query protein is short, and/or has few homologues in today's databases). We plan to upgrade the CPU resources for PP in the near future; this will increase the probability of successful interactive queries. York) for software support during the move to the USA.
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